Abstract. The Tunka fault is a major normal-oblique transform fault within the NNE trending Baikal rift that displays geomorphic evidence of recurrent Quaternary movement. A flight of six fanhead terraces of the Kyngarga River is displaced by several parallel faults and has scarps up to 32 m high at Arshan. The main fault zone is exposed in an abandoned gravel quarry about 1 km east of the Kyngarga River. Thirteen radiocarbon dates from the quarry, a shallow trench in a graben, and natural streamcuts constrain the timing of the latest two or three Holocene paleoearthquakes. The latest earthquake is bracketed by the 1024-1315 calendar years (cal. year) B.P. age of an unfaulted terrace and by the 1947-2179 cal. year B.P. age of a soil buried by scarp colluvium in the graben trench. The penultimate earthquake is also relatively well constrained, assuming that the displacement event slightly younger than 7091-7867 cal. year B.P. in the upper quarry exposure is the same as the fissuring event slightly older than 6733-7385 cal. year B.P. in the lower quarry exposure. Evidence for earlier event(s) between 9.2-12.7 ka depends on ambiguous stratigraphic evidence in the lower quarry exposure. On the basis of only the two well-dated earthquakes, the recurrence interval at Arshan may range from 2.9 to 6.8 ka for earthquake displacements of at least 1.3 m or a slip rate of 0.19-0.44 mm/yr. Intermediate-term (100 ka) and long-term (circa 500 ka) slip rates computed from terrace age estimates and fault scarp heights are 0.08-0.16 mm/yr and 0.07-0.11 mm/yr, respectively, rates that are considerably lower than the late Holocene rate and the approximately 0.5 mm/yr that might be inferred from the tectonic geomorphology of the Tunka Range front.
As a check on Lukina's [1989] correlations and age estimates, we measured weathering rinds on 50 surface cobbles (10-30 cm diameter) of gneiss on terrace 3 west of the river (due to time limitations extensive rind measuring was not feasible). The mean rind thickness of 4.2+0.9 mm can be compared with rind thicknesses on gneissic clasts from the (somewhat drier) Sierra Nevada Range, California of 2.4+0.7 mm on deposits 15-25 ka and 3.2+0.9 mm on clasts circa 150 ka [Burke and Birkeland, 1979] . Given the greater available moisture at Arshan (mean annual precipitation is similar to the 350-500 mm/yr in the Sierra Nevada, but evapotranspiration is lower), it is reasonable to associate the 4.2 mm-thick rinds with deposits of >100 ka. While this single check is not conclusive, it suggests that Lukina's [1989] age estimates may be generally correct.
The large fault scarp east of the Kyngarga River is composed of two closely spaced escarpments separated by a small bench; together the scarp is approximately 32 m high. An isolated remnant of the oldest terrace (6 in Figure 4) • 
Exposures of the Tunka Fault
The main fault zone is exposed in an abandoned gravel quarry about 1 km east of the Kyngarga River (Figure 3 ). This quarry was excavated into the > 30 m-high scarp that traverses across a high-level, valleyward sloping geomorphic surface at the base of bedrock faceted spurs (Figure 3b) . This surface appears to be an eastern extension of the T6 surface, perhaps onlapped by younger colluvium from the range front. Below the scarp at the quarry, gravel and sand from a large alluvial fan to the east have been deposited up against the scarp in a graben or back-tilted zone. Two exposures were logged in the quarry. The upper exposure was dug into the scarp face itself whereas the lower exposure transected a complex graben at the foot of the scarp (Figure 9 ). In addition, a shallow trench was excavated by Radiocarbon ages were obtained from soils 2-6 (Table 1) . Soils 2, 3, 4, and 6 are in stratigraphic succession upslope and north of fault B and yield the correct sequence of increasing ages with depth. Soil 5 was sampled south of Fault B (Figure 10 ) and yielded an anomalously young age for its inferred position in the stratigraphic sequence, which may indicate that the correlation of soils across fault B is incorrect, and that strike-slip displacement has juxtaposed soils of different age across fault B.
During the most recent displacement event (the MRE), soil 2 was faulted, so the MRE has a maximum age of 3590+130 •4C years B.P. Fault B may also extend into the unit overlying soil 2, so the 3590 year age may not be closely limiting on the MRE. The penultimate displacement event (PE) is expressed by faults A and C, which displace and warp, respectively, soil 6 but do not affect younger units, and by the upside-down pieces of soil 6 incorporated in colluvium beneath soil 4 upslope of faults A and B (Figure 10 ). The age of the PE is thus bracketed between the age of twice-faulted soil 6 (6890+210 •4C years B.P.) and that of once-faulted soil 4 (5170+150 •4C years B.P.).
Lower Quarry Exposure
The lower quarry exposure displays well-stratified to massive alluvium that presumably accumulated in a tectonic depression at the base of the fault scarp (Figure 11 graben-fill soils were saturated for a considerable time with groundwater high in dissolved CaCO3. However, the radiocarbon samples were pretreated with HC1 to dissolve carbonates. Any remaining contamination by "dead" groundwater carbon should have increased the apparent age of the sample, yet sample age is younger (rather than older) than Table 1 Figure 10 ). This piece of soil presumably fell from the crest of the PE scarp-free face and was incorporated into the scarp-derived colluvium. The vertical separation between the intact soil 6 in colluvial block 1 and the piece of displaced soil 6 amounts to 0.7 m and provides a minimum estimate for free face height and thus for vertical displacement on this fault strand. Unfortunately neither of these displacement estimates is accurate enough to use in estimating paleoearthquake magnitude, especially considering the unknown amount of lateral slip.
The only well-constrained earthquake recurrence interval is that between the MRE and PE. Using 1-sigma age limits shown graphically in Figure 12, The ambiguity concerning paleoearthquake displacement and recurrence at Arshan is disappointing but expectable given the reconnaissance nature of our study and the location of our key outcrops at a geometric fault section boundary. Future work should involve paleoseismic trenching and dating in the centers of the two adjacent fault sections, with a view toward correlating paleoearthquakes to the two welldated events at Arshan. Another potentially rewarding endeavor would be to trench the entire 9 m-high fault scarp west of the Kyngarga River to expose evidence of preHolocene earthquakes. Finally, the ages of terraces 1 through 6 should be better defined by either relative or numerical dating methods if long-term slip rates are to estimated. Despite the limitations of this brief study, the new exposures and numerical ages do document multiple Holocene surface faulting on the Tunka fault with recurrence times (at Arshan) of about 2.9-6.8 ka. This site thus appears to be one of the first in the Baikal rift where individual paleoearthquakes have been bracketed by multiple radiocarbon ages.
